Hot compression of 6061AI alloy and the alloy containing 15 vol% of Al203 particles shows that the composite has higher strength than the monolithic alloy at all the temperatues studied. However, as the temperature increases, difference in strength between the two alloys decreases. This decrease is found to be related to microstructural development in the composite during hot compression.
Introduction
It is known that the basic strengthing mechanism for short fiber or particle reinforced composites highly relays on microstructures in the matrix such as dislocation density and grain size (1) . Strength of the reinforced alloy could be quite high at low temperature resulting from accumulated dislocations around the reinforcement. However, as the temperature rises, removing rate of the dislocations from the particles increases resulting in low dislocation density (2, 3) . This interaction between the dislocation and reinforcement could influence substructure during hot deformation, subsequently influence deformation behaviour. This work was carried out to study microstructural development and its effect on deformation behaviour in the Al203 particle reinforced 6061AI composite during deformation at high temperatures.
Materials and experimental
The materials used in this work are 6061 aluminium and 6061 aluminium containing 15 vol.% of Al203 particles (average size 25jlll1). Before the samples were machined, the alloys were heat treated at 500°C for 1 hr., then cooled in the furnace. Compression was conducted in a temperature range of 200 to 500°C and constant strain rates of 0.001 to 1 s-l. the sample was quenched in water after given a strain of 0.9.
Results and discussions
True stress -true strain curves of both reinforced and unreinforced alloys show a similar characteristics. The shape of these curves is typical of the form expected when dynamic recovery occurs; that is, the flow stress rises sharply~o a maxim~m and then approaches a steady -state value. St:l1;1ctural study show.s that dynamic re~overy IS only restoration process for the two alloys dunng hot compression. The composite has show accelerated static recrystallization due to large Al203 particle stimulation (4), but did not show any stimulation on dynamic recrystallization. Even deformed at 500°C, both alloys only show well developed substructures.
The results show that the composite has higher flow stresses at any temperatures studied than monolithic alloy. Figure 1 displays relation of flow stress and deformation temperature. It can be seen that the compo~ite is much stron~er at lower te~.Pt;rature, as the temperature increases, strength of the compos~te decreases and It.tends to~e sI~lar to that of the monolithic alloy at 500°C. Furthermore, FIg. 2 shows that difference in yield stress between the composite and the monolithic alloy decreases as the temperature increases at each strain rates. It seems to be that, as the temperature increases, the strength of the reinforced alloy drops more rapidly compared to the monolithic alloy as shown in Fig. 1 and 2 . Intensive microstructural study was carried out using TEM and it was summarized in Fig. 3 in which relation of subgrain size d-I and LnZ (Z • Zener-Hollomon parameter or temperature compeasated strain rate) was plotted. It can be seen that, under same deformation conditions, the reinforced alloy shows finer substructure compared to monolithic alloy. As Z value decreases, ie. temperature increases and/or strain rate decreases, difference in substructure size decreases. Finally, at high temperature and low strain rate, substructures in the two alloys tend to be similar. The high flow stress of the composite at low temperature could thus be the result of fine substructure. As the temperature increases, substructure in the composite tends to coarsen in a higher rate compared to the monolithic alloy leading to strength of the composite being similar to that of the unreinforced alloy. Change of substructure with the temperature in the reinforced alloy could be explained by Hamphreys transition model which considered that the manner of dislocation-particle interaction changes at certain temperature and strain rate (2,3). At low temperature or high strain rate, dislocations arrive at the particle in a rate higher than that of removing from the particle. Thus dislocation will accumulate at the particles leading to high dislocation density and denser recovered substructure. As the temperature increases or strain rate decreases, removing rate of the dislocations from the particle could be gradually equal to arriving rate resulting in low dislocation density and coarse substructures. In this case, strength of the composite could be similar to that of the monolithic alloy.
Conclusions
1. Dynamic recovery was only restoration mechanism persisted in A1203 particle reinforced 6061Al alloy during deformation in a temperature range of 200 to 500°C and strain rate range of 0.001 to 1 s-l.
2. High density of dislocation and fine substructure in the matrix is considered to be main reason for higher flow stress and yield stress in the reinforced alloy compared to the monolithic alloy at low temperature and high strain rate during hot working. As the temperature increases, dislocation mobility increases le~ding to coar~e .substructure in the reinforced alloy, subsequently strength of the composite tends to be similar to that of the monolithic alloy.
